Introduction.
The model one uses to describe the bulk medium is of paramount importance for the study of surface electrodynamics. The simplest example is the unphysical (singular) charge accumulation at the surface when one uses local dielectric functions. Thus, while many standard optical properties may in practice be well described in terms of a nondispersive dielectric function, 8(m), for any situation in which the details of the electromagnetic field near the surface do matter a local model is ruled out. Then nonlocality, or spatial dispersion, becomes necessary. Of the vast literature on nonlocal surface electrodynamics it suffices to mention the three recent reviews of references [1, 2 and 3] .
For the physically more interesting case of P-mode incident electromagnetic field it is mainly the structure of the longitudinal dielectric function EL(k, w) that matters. This structure describes the spectrum of the normal modes which can be excited in the response of the medium to the field. Existing calculations basically fall in two classes, namely, (a) those in which GL (k, w) contains the collective model (plasmons) and also the full spectrum of single particle, or electron-hole pair, incoherent modes and (b) those in which there is no electron-hole pair structure. In the hydrodynamic approximation, for example, one bare single particle mode becomes just one collective (dressed) plasmon, while the transverse dielectric function, ET(CO), is local. An improvement upon this is the plasmon-pole approximation [4] , in which the spectral structure is qualitatively as in the hydrodynamic model, but EL(k, w) contains a more elaborate k-dependence which ensures correct behaviour for large k. Now, while these approximations prove useful for some problems in surface electrodynamics, there is in principle a second major question arising with dispersive dielectric functions. When the response is nonlocal, one needs some model for the reflection of the conduction electron at the inner face of the surface [5] . Most [6] and has been used to study several problems. This model proves also useful in some cases [7] , but it shares with the hydrodynamic and plasmon-pole approximations the limitation of not having electron-hole pair structure in EL. Consider, for example, the theory of internal photoyield [8] . This is rather more sensitive to details than other properties like, e.g., absorptance [8] [9] [10] . The model of Flores and Garcia-Moliner [6] proves useful to demonstrate the enhancement of photoyield due to diffuse surface scattering and, even for a specular model [11] , to study quantitatively the internal photoyield for w &#x3E; wp. However, it fails to produce the structure due to electron-hole pair excitations for m wp' Likewise it could not produce the peak structure which is found for w OJp in the study of the absorptance in thin films with an elaborate dielectric function which includes electron-hole pair structure [9, 10] .
Having framed the role of nonspecular surface scattering, the discussion henceforth will assume a specular reflection model and concentrate on the structure of EL(k, cv) and on other facts to be mentioned presently.
Everything discussed so far is based on a semiclassical infinite barrier (SCIB) model. In fact, there is a third consideration of major importance for surface electrodynamics. The surface barrier is not infinite and abrupt, but finite and smooth (although the change with distance can be very rapid) and the electronic charge density has, correspondingly, a strong but smooth inhomogeneity which does not correspond to the step function implied in semiclassical models. The associated self-consistency problem, is already non trivial for the static surface profile and then this system must respond to the electromagnetic field. The question of selfconsistency arises again in a dynamical sense and all these facts finally determine the minute details of the field in the surface region, i.e., in the range of the static inhomogeneity and beyond, until the field settles down to its bulk value. Part of this selfconsistency problem is of course the respopse function itself. Mukhopadyay and Lundqvist [12] [13] and plasmon excitation is dominant, with the result that nondecaying oscillations penetrate into the bulk, a fact previously noted by others [8, 14] .
Some interesting attempts at describing the field near the surface have been made by Barberan and Inglesfield [15] and by Apell [16] . These will be discussed later.
Focusing now on the model used to describe the longitudinal dielectric response, the position could be stated as follows : take a completely noninteracting electron gas with )V bare single particle modes with given k. Switch on the electron-electron interactions. The N bare incoherent normal modes then become one collective plasma mode and N -1 dressed single particle ( The purpose of this paper is to suggest an intermediate type of approximation in which the physics associated with electron-hole pair excitations is in some way present but the structure of the incoherent part of the spectrum is drastically simplified so as to alleviate considerably the numerical task. The problem will be discussed first in connection with the SCIB model ( § 2) and then for finite surface barriers (the photoyield is sensitive to details of the EM field near the surface and then for finite surface barriers). The photoyield is sensitive to details of the EM field near the surface and will be taken as the problem of physical interest for which the model will be tested.
2. Model dielectric function for a semiclassical infinite surface barrier.
We start by discussing the semiclassical infinite surface barrier. Although it is well-known that this model is not good for obtaining the surface photoyield, it has been taken in this paper as a case where testing the approximation we introduce for the bulk dielectric function. To this end, we shall compare the internal photoyield as obtained in the semiclassical infinite surface barrier, by using both the RPA [8] The results are shown in figure 1 . Three levels of an approximation are compared. One involves all the single particle structure [8] . The second one [11] involves a dielectric function sL with no single particle [19] . The most complete calculation so far appears to be that of Feibelman [13] which involves a selfconsistent evaluation of electronic wavefunctions, response and EM field. This amounts to taking into account' both the details of the surface inhomogeneity and the detailed structure of the excitation spectrum through extensive numerical computation. These produce excellent results for the photo-yield for emission from the Fermi level in Al [20] and will be taken here as a term of reference. What one learns from these calculations is that the surface inhomogeneity enhances the local excitation of electron-hole pairs, in line with Apell's observation [16] . However, as indicated above, simple approximations to the dielectric response are unable to describe well the situation for w wp, and an attempt at a more complete approximation for the response of the bounded electron gas will be proposed here. The idea is to proceed in the spirit of (2 .1 ) but to add the extra possibility of local excitations at z = 0 as the key feature which condenses the physics of the surface inhomogeneity. This suggests the following phenomenological form Compare with (2. 13). The terms describing the response of the bulk are identical, the /i's describing the normal mode excitations which go into the making of (2. 6). The terms in 6 (z') force the same type of excitations to take place at the surface. The amplitudes Ai are formally different, but in actual fact take similar value in the frequency range of physical interest. Moreover, the terms associated with 12 and 14 have in practice very little weight, due to their fast decay. Thus there is no point in taking a more general model with different amplitudes. The only factor which needs care is the sign of the different exponentials. These signs are those needed to satisfy the condition The bulk part of (3.1) satisfies this by itself. On the other hand one finds from (2.14) thus the terms in 6 (z') in (3.1) cancel out and (3.2) is satisfied.
Note that the surface excitation gives essentially, for co wp' an electron-hole pair mode since all the other modes (i = 2, 3, 4) have at these frequencies a much too great damping.
The surface excitations introduced by equations (3.1) represent different outgoing modes, moving away from the surface : this guarantees that the surface excitation verifies causality. On the other hand, equation (3.2) is the basic limit behaviour related to many other different sum rules : note that equation (3.2) means that, in our approximation, we are working inside the semi-classical infinite barrier (corrected by the surface modes given in Eq. (3.1)), for which n(z) = no if z &#x3E; 0.
The next question is how to determine C, in general a complex number, which measures the relative amplitude of the surface excitations, and is dependent on the surface inhomogeneity. At this point, we are guided by the work of Apell [16] and Feibelman [13] . Accord Having written down a model for the response function and constructed accordingly the EM field, it remains to be seen how one could base a reasonable calculation of the photoyield on such model. This involves the further question of the surface barrier and the electronic wavefunctions. This has also been simplified by taking a finite step barrier of height V = 0 + EF (l/J is the work function, 4.41 eV for Al). In the light of the above discussion, the jellium was withdrawn through a distance d inwards, away from the barrier, in order to have charge neutrality. The photoyield was calculated by using the EM field as described above, and the wavefunction corresponding to this simplified surface barrier and the reverse time prescription given by Pendry [23] (see [2] and [13] as well). As stressed by Barberan and Inglesfield, interference effects associated to the barrier position may introduce important changes in the photoyield. Figure 2 shows the result for Al with (Co =I 0) and without (Co = 0) surface excitation of electron-hole pairs compared with experimental data [20] . The curve for Co #= 0 was normalized to fit the same maximum height as obtained by Levinson and Plummer [20] .
Although the low frequency peak appears at a lower frequency than the experimental one, the improvement upon the case Co = 0 is remarkable. Also, the calculated photoionization cross section turns out to be Fig. 2 
